WHAT'S KNOWN ON THIS SUBJECT: Few reports have explored the measurement validity of the relative value unit (RVU) system, particularly in pediatrics. The RVU system, although broadly applied in health care settings, was developed for the adult population and thus may possess unique inadequacies in pediatrics.
In the 1980s, reform of the traditional physician payment system was prioritized by the US government, physicians, insurers, and patients. An alternative system developed at the Harvard School of Public Health, based on resourceinput costs, was proposed, enacted into federal law (Omnibus Budget Reconciliation Act 1989), and subsequently implemented in 1992 by the Health Care Financing Administration, which changed the Medicare Fee Schedule to a system based on the concept of the relative value of work. 1, 2 Absent any previous attempts to quantify physician work except for the California relative value scale, investigators began by attempting to determine physician work associated with specific services. The specific services were identified, of convenience, by Current Procedural Terminology (CPT)-4. Physicians were surveyed as to relative work for CPTdefined services taking into account 4 components: time spent, skill required (technical and cognitive), and stress incurred. Of the 7000 CPT-coded services at the time, ∼400 were studied and results were extrapolated to the remainder. The results of the physician estimates of relative amounts of work, relative value units (RVUs), were found to be reasonable and consistent.
It was understood that this scale was provisional and subject to change; thus, by congressional mandate, the RVU system and scale are reassessed every 5 years. In addition, the Relative Value Update Committee (RUC) meets 3 or 4 times each year to consider requests to revalue procedures and assign values to new procedures. 3, 4 Soon after the development of the RVU system, most payers adopted the fee schedule established by the Health Care Financing Administration. 5 Some health care institutions use the scale to determine the value of physician work and, in some cases, to determine reimbursement relative to other health care providers. [6] [7] [8] The potential inaccuracy of applying adult-based RVUs to pediatric practice was immediately recognized by pediatric specialties and professional organizations. In the early 1990s, 81 congenital heart operations were assigned CPT codes and corresponding RVUs. These RVUs were found to be reasonable relative measures of physician work in avalidation study by Jenkins et al. 9 However, in these same patients, catheterization procedures involving an increasingly diverse set of therapeutic interventions have not systematically been assigned RVUs.
Since the inception of the RVU scale, few studies have questioned the relationships between the assigned RVU and the time, skill, and stress, which the RVU values are intended to capture. We suspected that the CPT-based RVU assignment method did not accurately reflect the unique physician work component among catheterization procedures for congenital heart disease. To test this proposition, we used available proxies for physician time, skill, and stress. Time was relatively straightforward to quantify and we simply chose case times. For skill, we considered the amount of radiation required as a surrogate for the amount of information obtained and processed during the procedure, and for technical skill, we used the number of interventions. Stress is clearly less quantifiable, and therefore we assumed that stress was higher in cases with a known higher incidence of adverse events (AEs). We considered that in the relatively young field of pediatric catheterization, where many of the procedures have only become common practice in the period since the inception of the RVU system, the CPT-based RVU system might be uniquely inadequate to measure the intended components of relative value.
METHODS

Database
The database maintained in the Children' s Hospital Boston cardiac catheterization laboratory for reporting and quality assessment was queried for this study. This is a prospectively collected database that includes patient and procedural characteristics as well as a record of AEs. 10 be assigned a risk category, so the final sample size for analysis was 3557.
Case Groups
Cases were also grouped for this study according to technical skill required and number of interventions. Diagnostic catheterization and myocardial biopsy without additional interventions were designated group 0. Group 1 included interventional procedures with a single intervention, and group 2, interventional procedures with more than 1 intervention. Among the 3557 cases in the Children' s Hospital Boston data set (2008) (2009) (2010) with RVU values and designated risk category, 2982 case types (84%) could be assigned to 1 of these groups. The analysis by case type is limited to this subcohort (Table 3) . Examples of case types performed infrequently and not captured in the subcohort (n = 575) include isolated distal pulmonary artery interventions, angioplasty or stenting in vessels or shunts other than the aorta, aorta stent redilation, intracardiac angioplasty or stenting, isolated coil occlusions, and mitral valvuloplasty.
Statistical Analysis
Cohort characteristics were summarized by frequency and percentage for categorical variables and by median and interquartile range for continuous variables. Comparisons of median case duration, radiation exposure, AE rates, and RVU across procedure risk categories were performed by using the Kruskal-Wallis test. RVU values were summarized for 18 case types and by the 3 groups and reported as mean, SD, median, minimum, maximum, and interquartile range. AE rates, case duration, radiation exposure, and RVU values were also calculated and compared among diagnostic catheterization cases stratified by age group (neonates ,1 month, infants 1 month to 1 year, children .1 year, and adults .18 years).
The 16 interventional case types were ranked from lowest to highest median RVU value, and the relationship between case ranking by median RVU value and the following characteristics were explored: median duration of case, median radiation dose, and median predicted probability of an AE. The predicted probability of an AE was calculated for each case using the Congenital Heart Disease Adjustment for Risk Method (CHARM) risk adjustment model, which is based on the assigned risk category, indicators of hemodynamic vulnerability, and age ,1 year. 14 Associations between ranked interventional case types and each measure were quantified by using the Spearman rank correlation coefficient. 
RESULTS
Patient and procedure characteristics for this population are summarized in Table 4 . Most of the population had complex congenital heart disease, with either 2 ventricles (39%) or single ventricle physiology (17%). Most cases were scheduled electively (80%). The largest proportion of cases were classified as interventional (55%). Among the remaining, 25% were classified as diagnostic, which may have involved hemodynamic and/or angiographic assessment, and 20% as myocardial biopsy after heart transplantation. There was a wide range in case duration. At least 1 AE of any severity was recorded in 14% of cases, and high severity level 3, 4, or 5 events occurred in 5% of cases.
Risk Category
The largest proportion of cases were ranked in the lowest risk category (n = 1354 [38%]) and were composed mostly of diagnostic cases in patients .1 year of age, as well as those undergoing myocardial biopsy. The remaining cases were diagnostic cases in patients ,1 year of age and cases involving single or multiple interventions in decreasing frequency by risk category (risk category 2 = 25%, 3 = 23%, and 4 = 13%). Procedure time, radiation dose, AE rates, and median RVU value increased by risk category (all P , .001) (Fig 1) .
Case Group
The associated median RVU value for case group 0 (diagnostic catheterization and myocardial biopsy), 1 (interventional catheterization, single intervention), and 2 (interventional catheterization with .1 intervention) is shown in Fig 2. Median RVU increased according to groups with broader interquartile ranges among more complex and heterogeneous groups 2 and 3 ( Table 5 ). Isolated interventions, such as closure of an ASD, PDA, or fenestration and aortic or pulmonary valvuloplasty, had similar median RVU values to one another compared with those involving multiple interventions (P , .001 for the 3-group comparison).
Diagnostic Cases
Diagnostic procedures composed 25% of the cohort in 885 patients over a wide age range from infants to adults (Table 6 ). Radiation dose per unit of time increases as a function of body surface area; thus, older patients had higher radiation doses during similar length procedures. But although case duration was similar among age groups, there were significant differences in AE rates, the surrogate used for stress in this study (P , .001). Despite this difference in risk associated with the procedure, all the diagnostic cases were assigned similar RVU values (Table 6 , Fig 3) .
FIGURE 1
Proportion and 95% confidence interval forany AE (A) and median (interquartile range) for case duration (B), radiation dose (C), and RVU (D) by risk category; for all comparisons, P , .001.
FIGURE 2
Median (interquartile range) RVU value for case groups 0, 1, and 2 as detailed in Table 3 .
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Interventional Cases
The largest proportion of patients (55%) in this cohort underwent interventional procedures with varied case types and associated RVU values. Interventional cases were ordered from lowest to highest median RVU value, and procedure characteristics are summarized (Table 7) . Among these different types of procedures, no correlation existed between ranked RVU value and median procedure time, radiation dose, or the predicted probability of an AE as calculated for each case type using the CHARM method (Fig 4) .
DISCUSSION
The relative value of physician work is determined through consensus methods by considering the time associated with the encounter, the amount of related stress, and the amount of required technical and cognitive skill. 3 In this study, we found that in the field of pediatric cardiac catheterization, RVU values did not capture intended elements of RVU (time, skill, and stress) among interventional cases or discriminate among important differences by patient age. Thus, the established RVU system does not reflect all the intended elements of work for patients undergoing catheterization for congenital heart disease. We propose that either new RVUs are generated or additional metrics be considered when measuring the complexity of work in this pediatric specialty care service.
After widespread adoption of the RVU scale, and to address inadequacies of the RVU system, the Society for Thoracic
Surgeons recommended to the AMA CPT Editorial Panel several new codes to more correctly describe congenital heart surgery procedures. Once these were adopted for CPT, the Society for Thoracic Surgeons conducted surveys to establish work values for the entire group of congenital heart surgery codes and presented these recommended work values to the RUC. These codes were then given value by using standard methods based on consensus and relative value compared with other established procedures; later the utility of these codes was supported by work showing correlation withmortality, lengthofstay, and charges in congenital heart surgery. 9 In catheterization for congenital heart disease, CPT codes (93530-93533) and associated RVU values for basic diagnostic cases without intervention have been established and were reviewed and revised by the RUC in 2010. Codes have also been established for a few common predictable and wellcircumscribed procedures for placement in interatrial communications, including ASD, PFO, and Fontan fenestrations (CPT 93580). Nevertheless, due to the complexity and diversity of procedures performed in congenital cardiac catheterization and the sparse number of codes specific to the treatment of congenital heart disease, values for many of the interventional procedure codes have been extrapolated from codes developed for procedures performed in adults by cardiologists and interventional radiologists. For example, CPT codes 92997 and 92998 (transcutaneous pulmonary artery balloon angioplasty) are used for both angioplasty and stent redilation at multiple sites, including proximal pulmonary arteries, distal pulmonary arteries, aortopulmonary collaterals, and conduits. Despite a common procedural code, there is considerable variation among these interventions and potentially the expected complexity by site. [9, 12] IQR, interquartile range.
This variability in intervention types and patient populations may partially explain why assigned RVU values did not correlate with case duration, radiation dose, and anticipated AE occurrence (Fig 4) . As an example, pulmonary vein dilation cases, designated in risk category 4, include some of the most ill and vulnerable patients encountered in the field and require one of the most technically challenging procedures performed in congenital cardiac catheterization. However, ASD closure (risk category 2), which is a single isolated, short, and often predictable intervention in a relatively healthy patient population, has a similar RVU value. Despite these important shortcomings, some aspect of risk was captured by the RVU designations, which showed a median increase according to the 4 risk category designations (Fig 1) .
A distinction in the complexity and work of performing a diagnostic procedure for congenital heart disease has been recognized and a relatively higher RVU applied compared with populations without congenital heart disease. In this study, we also considered potential age-related differences in the risk associated with performing diagnostic procedures and found statistically significant differences in AE occurrence according to age despite equivalent RVU designations. Thus, in pediatric catheterization and perhaps other pediatric disciplines, age adjustment may need to be considered in assigning the relative value of work.
Recently, the American College of Surgeons published a new risk adjustment model for the National Surgical Quality Improvement Program. This model considered new risk categories and found additional independent explanatory value beyond just RVU for procedural measures of stress, skill, and procedural complexity. 15 This finding lends additional credence to the consideration of factors other than or in addition to RVU when comparing and evaluating physician work output and outcomes in pediatric and congenital catheterization. In this analysis, we have demonstrated how RVU does not capture all the intended elements; however, additional work is necessary to determine measures that better evaluate and measure the procedural time commitment, complexity, and stress associated with performing procedures in congenital cardiac catheterization.
The measures used in this study were from a sample of convenience and not variables specifically developed to capturethecomponents of RVU. Thereare no published billing standards in catheterization for congenital heart diseases. Because this analysis is limited to the experience at a single center, it does not allow for variation in the interpretation and valuation of a subset of interventional procedures for which there are no specific CPT codes. Although the risk categories and CHARM risk model were developed and validated in a multicenter dataset, the opportunity to test the categories and models in other data sets remains to be achieved. In addition, in this analysis we make the assumption that a higher anticipated AE occurrence is associated with physician stress,
FIGURE 3
Median (interquartile range) RVU value and AE rates with 95% confidence interval shown for neonates (,1 month), infants ($ 1 month, ,1 year), older children ($1 and ,17 years), and adults ($18 years) for diagnostic catheterization cases. TO DINE OR NOT TO DINE: We have a small farm with numerous sheep. Despite our best efforts, too many of our ewes deliver lambs in the middle of the winter, which means we often have to help the mothers care for them. My children wind up naming the lambs and calling for them when we bring them grain in the summer. Although they are farm animals, and not pets, what to do with them as they get older is a hot family issue. I like to eat lamb, but my wife and most of the kids find the idea abhorrent -although they seem happy enough to eat all kinds of purchased meat. Amazingly, a similar dilemma has burst onto the national stage. As reported in The New York Times (U.S.; October 28, 2012), a small environmental college in rural Vermont is at the center of a national debate. Green Mountain College, which supports and promotes sustainable farming, has for years had two oxen named Bill and Lou. Students learned to drive them, and they pulled carts around the college farm and into town. However, Lou is in failing health with a bad leg injury and can no longer work. Bill, also elderly, is unlikely to work if not teamed with Lou. The college could euthanize the animals, allow them to die of their illnesses or old age, or slaughter them. After surveying the students, the college opted to slaughter the animals and serve them as food in the college dining hall. The decision prompted outrage by local and national animal groups, which argue that slaughtering the animals is tantamount to animal cruelty. Thousands of petitions and complaints flooded the college' s Facebook page. The school, with strong support from the student population, responded that the purpose of the college farm is to produce food in a humane and sustainable way. The farm is not designed to be an animal shelter. While I support Green Mountain College' s decision, I suspect I will be overruled at home and will spend my winter mornings dragging hay out to Houdini, Lambchops, and the rest of our sheep.
